Introduction
Nucleophiles possessing lone-pair electrons at the atom α to the nucleophilic site have been reported to exhibit higher nucleophilic reactivity than similarly basic normal nucleophiles. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Thus, the enhanced nucleophilic reactivity shown by these nucleophiles was termed the α-effect by Edward and Pearson. 1 Since this definition only refers to the structure of the α-nucleophiles, an alternative operational definition was given to the α-effect, i.e., a positive deviation exhibited by an α-nucleophile from a Brønsted-type nucleophilicity plot. 2 Numerous studies have been carried out to investigate the origin of the α-effect and many theories have been proposed to account for the cause of the α-effect, e.g., ground-state (GS) destabilization, transition-state (TS) stabilization through aromatic or radicaloid character, thermodynamic stability of the reaction products, and solvent effects. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] However, the effect of medium on the α-effect remains controversial although it has been studied most widely. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] DePuy et al. carried out the first gas-phase reaction of methyl formate with HOO -and HO -and found that HOO -does not exhibit higher reactivity than HO -9 and, on this basis, concluded that the α-effect shown by HOO -in aqueous reactions is due to solvent effect because HOO -was previously reported to be 12 kcal/mol less strongly solvated than HO -in H 2 O. 10 Bierbaum and coworkers have drawn a similar conclusion (i.e., the α-effect is not due to an intrinsic property but instead due to a solvent effect) from various gas-phase reactions 17a We found that medium effect on the α-effect is significant, e.g., the magnitude of the α-effect (i.e., the k Ox -/k p-ClPhO -ratio) increases as the DMSO content in the medium increases up to 50 mol % DMSO and then decreases upon further addition of DMSO (a bell-shaped α-effect profile Combination of the calorimetric data with activation parameters has led us to conclude that desolvation of Ox -(i.e., GS effect) upon addition of DMSO to the medium is mainly responsible for the increasing α-effect up to 50 mol % DMSO and that the decreasing α-effect in the DMSO-rich medium is caused by differential TS stabilization. It is well known that both DMSO and MeCN destabilize charge localized anions due to the electronic repulsion between anions and the negative dipole end of these polar aprotic solvents. 19, 20 In contrast, DMSO can stabilize charge delocalized anions (e.g., picrate anion and anionic TS) through polarizability interaction, which is absent for MeCN. 19, 20 Our study has now been extended to reactions of 1a with three α-nucleophiles (i. 
Results
All the reactions in this study obeyed pseudo-first-order kinetics and proceeded with quantitative liberation of p-nitrophenoxide anion. Pseudo-first-order rate constants (k obsd )
were calculated from the slope of linear plots of ln (A ∞ -A t ) vs. time, where the reaction was followed for at least 9 half-lives. The second-order rate constants were calculated from the slope of the linear plots of k obsd vs. concentration of nucleophile (see the Supplementary material) and are summarized in Table 1 for the reactions with m-ClPhO -and BHA -and in It is well known that DMSO is highly polarizable and its negative dipole is exposed while the positive one is buried in the middle of the molecule. 19, 20 Thus, anionic nucleophiles, which can be stabilized in H 2 O through H-bonding interaction, become destabilized upon addition of DMSO to the reaction medium due to the electronic repulsion between the anion and the negative dipole end of DMSO. Accordingly, one might expect that charge localized anionic nucleophiles, generally, should become more reactive as the DMSO content in the reaction medium increases.
The effect of medium on the reactivity of m-ClPhO -and BHA -is graphically illustrated in Figure 1 . One can see that the reactivity of m-ClPhO -toward 1a increases with increasing DMSO content in the medium except at 10 mol % DMSO. Such an increasing reactivity pattern has previously been reported for reactions of Z-substituted-phenyl acetates (1b-1e) with anionic nucleophiles (e.g., aryloxides and oximates) in DMSO-H 2 O mixtures. The effect of medium on reactivity of MBHA − and M 2 BHA − is illustrated in Figure 2 . The logarithmic second-order rate constant for the reaction with MBHA -(i.e., log k MBHA −) decreases as the DMSO content in the medium increases up to 60 mol % DMSO and then increases thereafter, although the decrease or increase in the rate constant appears to be small. Figure 2 clearly support the preceding idea that the unusual reactivity shown by BHA -is caused by the equilibrium shift from more reactive I to the less reactive tautomeric species II as the DMSO content in the reaction medium increases. Furthermore, our current kinetic results are consistent with the conclusion drawn from various experimental and computational studies, i.e., hydroxamic acids behave as OH acids in H 2 O but as NH acids in gas phase or in dipolar aprotic solvents.
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Effect of Medium on the α-Effect. It is well known that HOO -is more nucleophilic than HO -in H 2 O. Since the former was reported to be 12 kcal/mol less strongly solvated than the latter in H 2 O, the enhanced reactivity shown by HOO -was attributed to the solvation effect. 9, 10 In contrast, BHAs -were reported to be more strongly solvated than m-ClPhO -in H 2 O. 28 Nevertheless, Table 3 shows that the three BHAs -exhibit the α-effect in H 2 O. Thus, BHAs -appear to be intrinsically more nucleophilic than m-ClPhO -toward 1a. This idea is in accord with the conclusion drawn from recent gas-phase experiments and computational studies that α-effect nucleophiles are intrinsically more reactive than similarly basic normalnucleophiles in gas-phase reactions. 14, 15 It is noted that BHA -and MBHA -are less reactive than m-ClPhO -in 90 mol % DMSO Figure 3 clearly indicate that medium effect on the α-effect is indeed remarkable. Though likely fortuitous, it is striking that the two α-effect versus medium curves almost appear to be mirror images of one another. This emphasizes the differences in behavior found with the two solvents, DMSO and MeCN, even though these are generally grouped together as being polar and aprotic. 19, 20 We have previously concluded that the increasing basicity difference between the two nucleophiles is responsible for the significant increasing α-effect in the MeCN-rich region since M 2 BHA − was found to be more basic than m-ClPhO − with increasing the MeCN content in the MeCN-rich region. 17f In contrast, it has previously been reported that basicity of p- 
